CN 1388540 A 



DESCRIPTION 

CARBON NANOTUBE COMPOSITE ELECTRODE CAPACITOR HAVING 
SUPER HIGH CAPACITANCE AND FABRICATION METHOD THEREOF 

The present invention relates to a carbon nanotube composite electrode 
capacitor with super high capacitance and a method for fabricating the same, 
and pertains to the fields of nanotechnology and energy storage. 

The capacitor with super high capacitance is a novel energy storage element 
between the storage battery and the capacitor of conventional medium. The 
capacitor of conventional medium stores electric charge by polarization of the 
dielectric medium, while the capacitor with super high capacitance stores 
electric charge by interaction between electrolytic ions and electrodes. In 
comparison with the capacitor of conventional medium, the capacitor with 
super high capacitance has very high specific capacitance, and the density of 
the energy storable thereby is over ten times higher than that storable by the 
capacitor of conventional medium; in comparison with the storage battery, the 
capacitor with super high capacitance has higher power density of over ten 
times, and possesses the characteristics of instantaneously releasing 
extremely high electric currents, of high efficiency in charging and long life of 
recycled use. 

The capacitor with super high capacitance can be used as the power unit of 
the driving power for an electrically driven automobile, thus solving the 
"bottleneck" restricting the development of electrically driven vehicles. The 
electrically driven automobile having a composite driving power of the storage 
battery and the capacitor with super high capacitance is supplied by the 
storage battery with the average power required under the normal operation 
state, while it is supplied by the capacitor with super high capacitance with the 
acceleration power required under the states of climbing, starting and braking. 
As a "peak value power unit" , the capacitor with super high capacitance can 
effectively reduce the peak value power pressure of the storage battery, 
enhance for several times the sustained mileage of each charge of the storage 
battery, and prolong the life of recycled use of the storage battery. The 
capacitor with super high capacitance can also find applications in the military 
field, for instance, by providing extremely high start power of the MW 
magnitude for microwave weaponry and laser weaponry, applications in 
electronic apparatuses as standby power sources, for instance, by serving as 
uninterrupted power supply system for televisions, camcorders, personal 
computers and mobile phones, and applications in flashing and igniting 
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devices for industrial equipments, for instance, by serving as initiating power 
sources for cameras, electric welders, magnetizing apparatuses, roentgen 
machines, and fuel cells. 

The capacitance formation mode of the capacitor with super high capacitance 
is divided into two kinds of an electric double-layer capacitance and a 
pseudodielectric capacitance, of which the electric double-layer capacitance is 
formed by opposition of electric charges due to orientated arrangement of 
electrons and ions at the electrode/electrolyte interface, and of which the 
pseudodielectric capacitance is thus formed, that electrically active substances 
generate highly reversible oxidation-reduction reaction or 
absorption/desorption process at the two-dimensional or 
quasi-two-dimensional space on the surface or in the bulk of the electrode to 
thereby achieve storage and release of electric charges. The specific 
capacitance formed by means of the pseudodielectric capacitance mode is 
over ten times as high as that formed by the electric double-layer capacitance 
mode. The devices that correspond to the aforementioned two capacitance 
modes are the electric double-layer capacitor and the pseudodielectric 
capacitor. 

Usually, the electric double-layer capacitor mainly employs active carbons, 
active carbon fibers and carbon aerosols with large specific surface areas as 
the materials of the electrode, but these materials have inferior conductivity, so 
that the equivalent series resistance of the capacitor as obtained is large. In 
addition, since the active carbons contain great quantities of minute apertures 
having an aperture ratio of 2nm or less, it is difficult for the electrolytic ions to 
enter these apertures, and consequently the utilization ratio of the specific 
surface area is low; moreover, there are so-called "dead apertures" in the 
structure, so that the frequency response characteristics are inferior. With the 
discovery of carbon nanotubes in recent years, application of the carbon 
nanotubes as the material for the electrode of the capacitor with super high 
capacitance has caught more and more attention of researchers. Carbon 
nanotubes are hollow and tubular material of nano grade formed by curling of 
single-layered or multiple-layered graphite surfaces. Under certain conditions 
of shape and size, carbon nanotubes have good conductivity. Carbon 
nanotubes interweave and interwind one another to form a netlike structure, 
with the sizes of the net apertures being mainly distributed at a range between 
2-50 nm, and with a very large effective specific surface area suitable for 
formation of the electric double-layer capacitance. The net apertures of the 
three-dimensional network of the carbon nanotubes run through one another, 
and there are no so-called "dead apertures" in the structure of the active 
carbons. However, the carbon nanotubes are mainly employed to form the 
electric double-layer capacitance having relatively small specific capacitance 
of approximately 100 F/g (calculated in terms of single-electrode active 
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substances). Refer, for instance, to Super Capacitor Based on Carbon 
Nanotubes by Renzhi MA, Bingqing WEI and Cailu XU et al., published in the 
magazine Sciences in China (Edition E, 2000, 30(2): 112-116). 

In contrast, the pseudodielectric capacitor usually employs metal oxide Ru0 2 
as the material of the electrode, as the Ru0 2 has high conductivity, and the 
capacitor with super high capacitance obtained thereby has high specific 
capacitance. But the Ru0 2 is expensive, and the search for inexpensive 
electrode material to replace the Ru0 2 has roused interests of researchers, 
see for instance, Research on Super Capacitors with Nickel Oxide by Xiaofeng 
WANG et al., published in the magazine Power Source Technology (2001, 
25(3)). The oxide of nickel (NiO x ) is used as the material of the electrode, but 
the oxide of nickel (NiO x ) has inferior conductivity, so that the equivalent series 
resistance of the capacitor with super high capacitance as obtained is large. In 
addition, the formability of transition metal oxides is bad. Another kind of 
electrode material of the pseudodielectric capacitor is conducting polymers, 
including polyaminobenzene (PAN) and its derivatives, polythiophene (PTH) 
and its derivatives, polypyrrole (PPY) and its derivatives, polyparaphenylene 
(PPP) and its derivatives, and polyacene (PAS) and its derivatives. The 
capacitor with super high capacitance based on conducting polymers can form 
pseudodielectric capacitance and hence acquire a relatively large specific 
capacitance, but the conductivity of the conducting polymers is also inferior. 
Additionally, the mechanical robustness of the conducting polymers is low. 

The material of the electrode decides the performance of the capacitor with 
super high capacitance. The carbon nanotube amongst the previously 
mentioned electrode materials can achieve relatively high conductivity, but it is 
mainly used to form the electric double-layer capacitance having relatively 
small specific capacitance. By contrast, the transition metal oxides and the 
conducting polymers can form the pseudodielectric capacitance and achieve 
relatively higher specific capacitance but inferior conductivity. This means that 
the currently available electrode materials of the capacitor with super high 
capacitance cannot put emphasis simultaneously on the high specific 
capacitance and on the high conductivity. Moreover, the formability of the 
transition metal oxides is inferior, and the conducting polymers have low 
mechanical robustness. All these affect the performance of the capacitor with 
super high capacitance. 

In the patent for invention, entitled Carbon-Doped Nanotube Capacitor with 
Super High Capacitance, applied by Xutao FU and others, and application 
numbered 00136008. 6, active carbons (or active carbon fibers) are 
compounded with carbon nanotubes to serve as the electrode material of the 
capacitor with super high capacitance, but this material does not contain any 
transition metal oxide or conducting polymer, so that it is difficult to form the 



pseudodielectric capacitance, and that the specific capacitance as obtained is 
small. In the patent for invention, entitled Super Capacitor Having Electrode of 
New Material and Fabrication Method thereof, applied by Yongxi LI and others, 
and application numbered 01109703. 5, carbon nanotubes or nickel-plated 
carbon nanotubes are used as electrode material of an ion capacitor with 
super high capacitance, but this material does not contain any transition metal 
oxide or conducting polymer, so that it is difficult to form the pseudodielectric 
capacitance; in addition, the cost of this material is too high. Finally in the 
patent for invention, entitled Electrochemical Super Capacitor and Fabrication 
Method thereof, applied by Jingying XI E and others, and application numbered 
00119499. 2, the oxide of nickel or hydroxide is used as the material of the 
positive electrode of an ion capacitor with super high capacitance, and porous 
large-area carbons are used as the material of the negative electrode, but the 
oxide of nickel or hydroxide has inferior conductivity, so that the equivalent 
series resistance of the capacitor with super high capacitance as obtained 
thereby is large. 

The objectives of the present patent for invention are to obtain an electrode 
material of a capacitor with super high capacitance capable of simultaneously 
forming high specific capacitance, having good conductivity, good formability 
and good mechanical performance, to obtain an electrode fabricated thereby, 
and to fabricate a capacitor with super high capacitance having high specific 
capacitance and low equivalent series resistance. 

The principle of the present patent for invention is described below. An 
approach is proposed to compound carbon nanotubes with transition metal 
oxides and/or conducting polymers, the carbon nanotubes of the composite 
electrode obtained thereby have good conductivity, and the transition metal 
oxides and the conducting polymers can form relatively high specific 
capacitance. The carbon nanotubes in the composite electrode form a netlike 
structure, which becomes an electric charge passage with good conductivity, 
while the transition metal oxides and the conducting polymers can form 
pseudodielectric capacitance to obtain relatively high specific capacitance, 
thereby making it possible that the electrode of the capacitor with super high 
capacitance can not only form high specific capacitance but also possess high 
conductivity. In addition, in the material of the carbon nanotubes composite 
electrode, the specific surface area of the carbon nanotubes themselves is 
large, thereby making it possible to form relatively high electric double-layer 
capacitance; during the process of preparing the composite material, the 
carbon nanotubes can serve as a nucleation substrate for the transition metal 
oxides and the conducting polymers, thus facilitating acquisition of transition 
metal oxides and conducting polymers with minute grain size; moreover, the 
carbon nanotubes, the transition metal oxides and the conducting polymers 
are complementary in terms of their mechanical performance, for instance, the 
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transition metal oxides can be adsorbed on the network of the carbon 
nanotubes to thereby acquire good formability; the conducting polymers have 
inferior mechanical robustness, but their compounding with the carbon 
nanotubes markedly enhances their mechanical robustness. As should be 
noted, formability and mechanical robustness are also of very great 
importance to the electrode materials. 

The technical solution for the essential technical problem of the present patent 
for invention is achieved thus, that the present patent for invention makes use 
of a method for compounding carbon nanotubes having good conductivity with 
other transition metal oxides, conducting polymer series and active carbon 
series having inferior conductivity as dealt with, to thereby obtain an electrode 
material of a capacitor with super high capacitance capable of simultaneously 
forming high specific capacitance and having good conductivity. There are six 
specific compounding solutions as described below. 

(1) Compounding of the carbon nanotubes with the transition metal oxides: in 
this compound material the carbon nanotubes occupy 10%-90% by wt. 
percent, and the transition metal oxides occupy 90%-10% by wt. percent; 
wherein the transition metal oxides include the oxide of nickel (NiO x ) and 
the oxide of cobalt (CoO x ). 

(2) Compounding of the carbon nanotubes with the conducting polymer series: 
in this compound material the carbon nanotubes occupy 10%-90% by wt. 
percent, and the conducting polymers occupy 90%-i0% by wt. percent; 
wherein the conducting polymer series includes polyaminobenzene (PAN) 
and its derivatives, polythiophene (PTH) and its derivatives, 
polyparaphenylene (PPP) and its derivatives, and polyacene (PAS) and its 
derivatives. 

(3) Compounding of the carbon nanotubes simultaneously with the transition 
metal oxides and the conducting polymers: in this compound material the 
carbon nanotubes occupy 10%-90% by wt. percent, the transition metal 
oxides occupy 50%-5% by wt. percent, and the conducting polymers 
occupy 40%-5% by wt. percent; wherein the transition metal oxides include 
the oxide of nickel (NiO x ) and the oxide of cobalt (CoO x ), and wherein the 
conducting polymer series includes polyaminobenzene (PAN) and its 
derivatives, polypyrrole (PPY) and its derivatives, polythiophene (PTH) and 
its derivatives, polyparaphenylene (PPP) and its derivatives, and polyacene 
(PAS) and its derivatives. 

(4) Compounding of the carbon nanotubes simultaneously with the transition 
metal oxides and the active carbon series: in this compound material the 
carbon nanotubes occupy 10%-90% by wt. percent, the transition metal 
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oxides occupy 50%-5% by wt. percent, and the active carbon series 
occupies 40%-5% by wt. percent; wherein the transition metal oxides 
include the oxide of nickel (NiO x ) and the oxide of cobalt (CoO x ), and 
wherein the active carbon series includes active carbons, active carbon 
fibers, active carbon fiber cloths, and carbon aerosols. 

(5) Compounding of the carbon nanotubes simultaneously with the conducting 
polymer series and the active carbon series: in this compound material the 
carbon nanotubes occupy 10%-90% by wt. percent, the conducting 
polymers occupy 50%-5% by wt. percent, and the active carbon series 
occupies 40%-5% by wt. percent; wherein the conducting polymer series 
includes polyaminobenzene (PAN) and its derivatives, polypyrrole (PPY) 
and its derivatives, polythiophene (PTH) and its derivatives, 
polyparaphenylene (PPP) and its derivatives, and polyacene (PAS) and its 
derivatives, and wherein the active carbon series includes active carbons, 
active carbon fibers, active carbon fiber cloths, and carbon aerosols. 

(6) Compounding of the carbon nanotubes simultaneously with the transition 
metal oxides, the conducting polymers and the active carbon series: in this 
compound material the carbon nanotubes occupy 10%-90% by wt. percent, 
the transition metal oxides occupy 30%-3% by wt. percent, the conducting 
polymers occupy 30%-5% by wt. percent, and the active carbon series 
occupies 30%-2% by wt. percent; wherein the transition metal oxides 
include the oxide of nickel (NiO x ) and the oxide of cobalt (CoO x ), wherein 
the conducting polymer series includes polyaminobenzene (PAN) and its 
derivatives, polypyrrole (PPY) and its derivatives, polythiophene (PTH) and 
its derivatives, polyparaphenylene (PPP) and its derivatives, and polyacene 
(PAS) and its derivatives, and wherein the active carbon series includes 
active carbons, active carbon fibers, active carbon fiber cloths, and carbon 
aerosols. 

The carbon nanotubes in the aforementioned six compounding solutions 
should be performed with an oxidation process before compounding. The 
oxidation process is carried out in the air or in a liquid medium under a 
temperature range of 80-1 20°C for 2-10 hours. The transition metal oxides in 
the aforementioned solutions can be either doped with a rare earth element Ce 
or La, or not doped with the rare earth element Ce or La. Subsequently, the 
material is prepared in accordance with the compounding solutions, sufficient 
grinding is performed, and a binder of 1%-20% by wt. percent is then added 
thereto, which binder includes teflon emulsion, carboxymethyl cellulose, and 
polyvinyl alcohol. The evenly churned composite electrode material is pressed 
onto foamed nickel, graphite sheet, nickel sheet, aluminum sheet or copper 
sheet to fabricate a composite electrode having a predetermined shape. The 
pressing method includes common die pressing, cold isostatic pressing and 
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hot isostatic pressing. Two identical carbon nanotube composite electrodes 
are separated by a diaphragm passable by electrolytic ions, which diaphragm 
is all-glass paper or a polymeric membrane. The same is then encapsulated in 
an outer housing into which is then injected an electrolytic solution, which can 
be a sodium hydroxide aqueous solution, a potassium hydroxide aqueous 
solution, a lithium hydroxide aqueous solution, a sulfuric aqueous solution, a 
nitric acid aqueous solution, a propylene carbonate solution of lithium 
perchlorate, a propylene carbonate solution of benzyltriethylammonium 
tetrafluoroborate, or a solution of mixtures thereof. The final product after the 
encapsulation is the capacitor with super high capacitance. 

Embodiments: the existing electrode materials of the capacitor with super high 
capacitance as dealt with in the present invention can be divided into two kinds, 
one of which is carbon nanotubes having good conductivity, and another one 
of which is transition metal oxides, active carbon series and conducting 
polymer series. The present invention makes use of a method for 
compounding carbon nanotubes having good conductivity with other transition 
metal oxides, active carbon series and conducting polymer series having 
inferior conductivity as dealt with, to thereby obtain an electrode material of a 
capacitor with super high capacitance capable of simultaneously forming high 
specific, capacitance and having good conductivity. There are six specific 
compounding solutions as described below. 

(1) Compounding of the carbon nanotubes with the transition metal oxides: in 
this compound material the carbon nanotubes occupy 10%-90% by wt. 
percent, and the transition metal oxides occupy 90%-10% by wt. percent; 
wherein the transition metal oxides include the oxide of nickel (NiO x ) and 
the oxide of cobalt (CoO x ). 

(2) Compounding of the carbon nanotubes with the conducting polymer series: 
in this compound material the carbon nanotubes occupy 10%-90% by wt. 
percent, and the conducting polymers occupy 90%-10% by wt. percent; 
wherein the conducting polymer series includes polyaminobenzene (PAN) 
and its derivatives, polythiophene (PTH) and its derivatives, 
polyparaphenylene (PPP) and its derivatives, and polyacene (PAS) and its 
derivatives. 

(3) Compounding of the carbon nanotubes simultaneously with the transition 
metal oxides and the conducting polymers: in this compound material the 
carbon nanotubes occupy 10%-90% by wt. percent, the transition metal 
oxides occupy 50%-5% by wt. percent, and the conducting polymers 
occupy 40%-5% by wt. percent; wherein the transition metal oxides include 
the oxide of nickel (NiO x ) and the oxide of cobalt (CoO x ), and wherein the 
conducting polymer series includes polyaminobenzene (PAN) and its 



derivatives, polypyrrole (PPY) and its derivatives, polythiophene (PTH) and 
its derivatives, polyparaphenylene (PPP) and its derivatives, and polyacene 
(PAS) and its derivatives. 

(4) Compounding of the carbon nanotubes simultaneously with the transition 
metal oxides and the active carbon series: in this compound material the 
carbon nanotubes occupy 10%-90% by wt. percent, the transition metal 
oxides occupy 50%-5% by wt. percent, and the active carbon series 
occupies 40%-5% by wt. percent; wherein the transition metal oxides 
include the oxide of nickel (NiO x ) and the oxide of cobalt (CoO x ), and 
wherein the active carbon series includes active carbons, active carbon 
fibers, active carbon fiber cloths, and carbon aerosols. 

(5) Compounding of the carbon nanotubes simultaneously with the conducting 
polymer series and the active carbon series: in this compound material the 
carbon nanotubes occupy 10%-90% by wt. percent, the conducting 
polymers occupy 50%-5% by wt. percent, and the active carbon series 
occupies 40%-5% by wt. percent; wherein the conducting polymer series 
includes polyaminobenzene (PAN) and its derivatives, polypyrrole (PPY) 
and its derivatives, polythiophene (PTH) and its derivatives, 
polyparaphenylene (PPP) and its derivatives, and polyacene (PAS) and its 
derivatives, and wherein the active carbon series includes active carbons, 
active carbon fibers, active carbon fiber cloths, and carbon aerosols. 

(6) Compounding of the carbon nanotubes simultaneously with the transition 
metal oxides, the conducting polymers and the active carbon series: in this 
compound material the carbon nanotubes occupy 10%-90% by wt. percent, 
the transition metal oxides occupy 30%-3% by wt. percent, the conducting 
polymers occupy 30%-5% by wt. percent, and the active carbon series 
occupies 30%-2% by wt. percent; wherein the transition metal oxides 
include the oxide of nickel (NiO x ) and the oxide of cobalt (CoO x ), wherein 
the conducting polymer series includes polyaminobenzene (PAN) and its 
derivatives, polypyrrole (PPY) and its derivatives, polythiophene (PTH) and 
its derivatives, polyparaphenylene (PPP) and its derivatives, and polyacene 
(PAS) and its derivatives, and wherein the active carbon series includes 
active carbons, active carbon fibers, active carbon fiber cloths, and carbon 
aerosols. 

The carbon nanotubes in the aforementioned six compounding solutions 
should be performed with an oxidation process before compounding. The 
oxidation process is carried out in the air or in a liquid medium under a 
temperature range of 80-120°C for 2-10 hours. The transition metal oxides in 
the aforementioned solutions can be either doped with a rare earth element Ce 
or La, or not doped with the rare earth element Ce or La. Subsequently, the 
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material is prepared in accordance with the compounding solutions, sufficient 
grinding is performed, and a binder of 1%-20% by wt. percent is then added 
thereto, which binder includes teflon emulsion, carboxymethyl cellulose, and 
polyvinyl alcohol. The evenly churned composite electrode material is pressed 
onto foamed nickel, graphite sheet, nickel sheet, aluminum sheet or copper 
sheet to fabricate a composite electrode having a predetermined shape. The 
pressing method includes common die pressing, cold isostatic pressing and 
hot isostatic pressing. Two identical carbon nanotube composite electrodes 
are separated by a diaphragm passable by electrolytic ions, which diaphragm 
is all-glass paper or a polymeric membrane. The same is then encapsulated in 
an outer housing into which is then injected an electrolytic solution, which can 
be a sodium hydroxide aqueous solution, a potassium hydroxide aqueous 
solution, a lithium hydroxide aqueous solution, a sulfuric aqueous solution, a 
nitric acid aqueous solution, a propylene carbonate solution of lithium 
perchlorate, a propylene carbonate solution of benzyltriethylammonium 
tetrafluoroborate, or a solution of mixtures thereof. The final product after the 
encapsulation is the capacitor with super high capacitance. 

The advantages of the present patent for invention are described below. The 
carbon nanotubes in the aforementioned composite electrode can form a 
conductive network having good conductivity, while the transition metal oxides 
and the conducting polymer series therein can form high specific capacitance. 
It is thus possible to obtain an electrode material of a capacitor with super high 
capacitance capable of simultaneously forming high specific capacitance and 
having good conductivity. In addition, in the material of the carbon nanotubes 
composite electrode, the specific surface area of the carbon nanotubes 
themselves is large, thereby making it possible to form relatively high electric 
double-layer capacitance; during the process of preparing the composite 
material, the carbon nanotubes can serve as a nucleation substrate for the 
transition metal oxides and the conducting polymers, thus facilitating 
acquisition of transition metal oxides and conducting polymers with minute 
grain size; moreover, the carbon nanotubes, the transition metal oxides and 
the conducting polymers are complementary in terms of their mechanical 
performance, for instance, the transition metal oxides can be adsorbed on the 
network of the carbon nanotubes to thereby acquire good formability; the 
conducting polymers have inferior mechanical robustness, but their 
compounding with the carbon nanotubes markedly enhances their mechanical 
robustness; furthermore, the addition of the active carbon series can lower the 
production cost. Application of the present patent indicates the appearance of 
a novel electrode material of a capacitor with super high capacitance, and this 
will advance the application and research progresses of capacitors with super 
high capacitance, and give rise to great economic and social benefits. It is 
possible, through implementation of the present invention, to obtain an 
electrode material of a capacitor with super high capacitance capable of 
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simultaneously forming high specific capacitance, having good conductivity, 
good formability and good mechanical performance, and the use of this 
electrode material makes it possible to fabricate capacitors with super high 
capacitance. 
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CLAIMS 



1 . The present invention relates to a carbon nanotube composite electrode 
capacitor with super high capacitance and a method for fabricating the 
same, whereby carbon nanotubes having good conductivity are 
compounded with transition metal oxides, conducting polymer series and 
active carbon series having inferior conductivity as dealt with; characterized 
in that there are six specific compounding solutions as follows: 

(1) compounding of the carbon nanotubes with the transition metal oxides: in 
this compound material the carbon nanotubes occupy 10%-90% by wt. 
percent, and the transition metal oxides occupy 90%-10% by wt. percent; 
wherein the transition metal oxides include the oxide of nickel (NiO x ) and 
the oxide of cobalt (CoO x ); 

(2) compounding of the carbon nanotubes with the conducting polymer series: 
in this compound material the carbon nanotubes occupy 10%-90% by wt. 
percent, and the conducting polymers occupy 90%-1Q% by wt. percent; 
wherein the conducting polymer series includes polyaminobenzene (PAN) 

and- its derivatives, polythiophene (PTH) and its derivatives, 

polyparaphenylene (PPP) and its derivatives, and polyacene (PAS) and its 
derivatives; 

(3) compounding of the carbon nanotubes simultaneously with the transition 
metal oxides and the conducting polymers: in this compound material the 
carbon nanotubes occupy 10%-90% by wt. percent, the transition metal 
oxides occupy 50%-5% by wt. percent, and the conducting polymers 
occupy 40%-5% by wt. percent; wherein the transition metal oxides include 
the oxide of nickel (NiO x ) and the oxide of cobalt (CoO x ), and wherein the 
conducting polymer series includes polyaminobenzene (PAN) and its 
derivatives, polypyrrole (PPY) and its derivatives, polythiophene (PTH) and 
its derivatives, polyparaphenylene (PPP) and its derivatives, and polyacene 
(PAS) and its derivatives; 

(4) compounding of the carbon nanotubes simultaneously with the transition 
metal oxides and the active carbon series: in this compound material the 
carbon nanotubes occupy 10%-90% by wt. percent, the transition metal 
oxides occupy 50%-5% by wt. percent, and the active carbon series 
occupies 40%-5% by wt. percent; wherein the transition metal oxides 
include the oxide of nickel (NiO x ) and the oxide of cobalt (CoO x ), and 
wherein the active carbon series includes active carbons, active carbon 
fibers, active carbon fiber cloths, and carbon aerosols; 



ii 



(5) compounding of the carbon nanotubes simultaneously with the conducting 
polymer series and the active carbon series: in this compound material the 
carbon nanotubes occupy 10%-90% by wt. percent, the conducting 
polymers occupy 50%-5% by wt. percent, and the active carbon series 
occupies 40%-5% by wt. percent; wherein the conducting polymer series 
includes polyaminobenzene (PAN) and its derivatives, polypyrrole (PPY) 
and its derivatives, polythiophene (PTH) and its derivatives, 
polyparaphenylene (PPP) and its derivatives, and polyacene (PAS) and its 
derivatives, and wherein the active carbon series includes active carbons, 
active carbon fibers, active carbon fiber cloths, and carbon aerosols; and 

(6) compounding of the carbon nanotubes simultaneously with the transition 
metal oxides, the conducting polymers and the active carbon series: in this 
compound material the carbon nanotubes occupy 10%-90% by wt. percent, 
the transition metal oxides occupy 30%-3% by wt. percent, the conducting 
polymers occupy 30%-5% by wt. percent, and the active carbon series 
occupies 30%-2% by wt. percent; wherein the transition metal oxides 
include the oxide of nickel (NiO x ) and the oxide of cobalt (CoO x ), wherein 
the conducting polymer series includes polyaminobenzene (PAN) and its 
derivatives, polypyrrole (PPY) and its derivatives, polythiophene (PTH) and 
its derivatives, polyparaphenylene (PPP) and its derivatives, and polyacene 
(PAS) and its derivatives, and wherein the active carbon series includes 
active carbons, active carbon fibers, active carbon fiber cloths, and carbon 
aerosols. 

2. The carbon nanotube composite electrode capacitor with super high 
capacitance and the method for fabricating the same according to claim 1, 
characterized in that the carbon nanotubes in said six compounding 
solutions is performed with an oxidation process before compounding, 
wherein the oxidation process is carried out in the air or in a liquid medium 
under a temperature range of 80-1 20°C for 2-1 0 hours. 

3. The carbon nanotube composite electrode capacitor with super high 
capacitance and the method for fabricating the same according to claim 1 , 
characterized in that the transition metal oxides in said solutions can be 
either doped with a rare earth element Ce or La, or not doped with the rare 
earth element Ce or La. 

4. The carbon nanotube composite electrode capacitor with super high 
capacitance and the method for fabricating the same according to claim 1, 
characterized in that the material is prepared in accordance with the 
compounding solutions, that sufficient grinding is performed, and that a 
binder of 1%-20% by wt. percent is then added thereto, wherein the binder 
includes teflon emulsion, carboxymethyl cellulose, and polyvinyl alcohol. 
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5. The carbon nanotube composite electrode capacitor with super high 
capacitance and the method for fabricating the same according to clajm 1, 
characterized in that evenly churned composite electrode material is 
pressed onto foamed nickel, graphite sheet, nickel sheet, aluminum sheet 
or copper sheet to fabricate a composite electrode having a predetermined 
shape. 

6. The carbon nanotube composite electrode capacitor with super high 
capacitance and the method for fabricating the same according to claim 1 , 
characterized in that a pressing method includes die pressing, cold 
isostatic pressing and hot isostatic pressing. 
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ABSTRACT 



The present invention is intended to propose an approach to compound 
carbon nanotubes with transition metal oxides and/or conducting polymers. 
The carbon nanotubes have good conductivity, form in a composite electrode a 
netlike structure, which becomes an electric charge passage with good 
conductivity, while the transition metal oxides and the conducting polymers can 
form pseudodielectric capacitance to obtain relatively high specific capacitance, 
thereby making it possible that the electrode of the capacitor with super high 
capacitance can not only form high specific capacitance but also possess high 
conductivity. In addition, the specific surface area of the carbon nanotubes in 
the composite electrode is large, thereby making it possible to form relatively 
high electric double-layer capacitance; during the process of preparation, the 
carbon nanotubes can serve as a nucleation substrate for the transition metal 
oxides and the conducting polymers, thus facilitating acquisition of transition 
metal oxides and conducting polymers with minute grain size; compounding of 
the carbon nanotubes with the transition metal oxides and the conducting 
polymers makes it possible to obtain good formability and high mechanical 
robustness. 
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